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COMPLEMENTARY ACTIVITY 
 
Biotechnology applications 
(This guide is provided to the students one week before the scheduled class and the issues are drawn 
between the groups) 
  
Goals: 
9  Improving information search techniques 
9  Strengthening reading comprehension and the ability to synthesize 
9  Being aware of the importance and impact of biotechnology in everyday life 
 
Activities: 
The proposed tasks are done in groups of 2 or 3 people.  
1)  Search two NEWS stories in different media like newspapers, magazines or the internet related to 
biotechonology and some of its applications listed below: 
•  Agricultural production: grains, seeds, resistance to herbicides or pesticides, inoculants, 
etc. 
•  Biosecurity, bioterrorism 
•  Food industry: GM food 
•  Fermented beverages: wine, beer 
•  Medicine – Pharmacy: vaccines, antibiotics, tissue cultures 
•  Molecular biology: genetic diagnosis 
•  Biofuels: bioethanol, biodiesel 
•  Enzymes for multiple applications 
•  Environment: pollution, bioremediation, biomagnification (soil, water, air) 
•  Nanotechnology: biosensors 
2)  Read the news articles found and discuss them with your classmates. 
3)  Synthesize IN A SINGLE PARAGRAPH the most important concepts. 
4)  Comment briefly upon the corresponding application to the whole class.  
5)  Present the resume to the professors, attaching the news stories selected and citing the sources 
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COMPLEMENTARY ACTIVITY 
 
Cell nutrition and growth 
 
 
Goals 
•  Developing analytical skills 
•  Interpreting growth curves 
•  Analyzing the effect of different variables on microorganism growth 
 
Exercise 1: 
Hellio et al. (2004) studied the effects of ammonium and histidine on the growth of Chlamydomonas 
reinhardtii (1). The purpose of this study was to investigate if under conditions of depletion of inorganic 
nitrogen, as recorded in summer in natural waters, phytoplanktonic species have the capability of using 
organic nitrogen sources in addition to inorganic nitrogen. The study has focused on histidine (Fig. 1), the 
degradation of which yields potentially three nitrogen atoms for each molecule of histidine. The 
microorganism was cultivated axenically at 18°C in the presence of ammonium, histidine or both 
compounds simultaneously. Fig. 2 shows the growth curves obtained in the different situations. Analyze 
the results and answer the following questions: 
a) Which nitrogen source is the preferred one? Why? 
b) Compare the growth when ammonium or histidine is added to the culture. How could you explain the 
difference in the lag period between both nitrogen sources? 
c) Explain the observed behavior when both compounds are added to the culture. 
 
Exercise 2: 
The selectivity of four salmonella enrichment media was studied (2). For this purpose a mixed culture of 
Salmonella typhimurium, Escherichia coli, Proteus vulgaris and Pseudomonas aeruginosa was incubated 
aerobically without agitation for 20 h at 37°C in Rappaport’s medium, Muller-Kauffmann tetrathionate 
broth (MKT), tetrathionate broth and selenite F. Analyze the results (Fig. 3) and answer the following 
questions: 
a) Analyze the growth of the different microorganisms in the four media. Which microorganisms compete 
strongly with Salmonella? Justify your answer. 
b) What medium has the best performance as a salmonella enrichment medium? Why? 
 
Exercise 3:  
Rhodococcus erythropolis NTU-1 removes some n-alkanes or branched-alkanes in aqueous MS medium. 
In order to evaluate if this microorganism could be efficient in the biodegradation of sea water 
contaminated with petroleum, it was cultured under different saline conditions at 30°C and pH 7 in 
presence of 2000 ppm n-hexadecane (Fig. 4a) (3). The effect of the addition of 0.24g/L nutrient broth to 
the medium on R. erythropolis growth was also studied (Fig. 4b). This microorganism forms biofloccules, 
trapping significant amount of alkane, which provides an easy physical removal of alkane in addition to 
biodegradation. The amount of biodegradated or trapped hexadecane was measured in the cultures with 
and without the addition of nutrient broth (Fig. 5a and 5b). Analyze the figures and answer the following 
questions: 
a) What effect does the saline concentration have on growth?  How could you explain it? 
b) What effect does the addition of nutrient broth have on growth and on hexadecane degradation or 
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c) Taking into account that the saline concentration in the sea is about 3.3 – 3.9 %, analyze the possible 
use of R. erythropolis in a bioremediation process of petroleum in the sea. 
 
Exercise 4: 
Growth kinetics of Rhodotorula glutinis were studied employing different carbon sources: 0.1% glucose, 
1.0% aspartate, 0.1% glucose + 1.0% aspartate, 1.0% malate and 0.1% glucose + 1.0% malate (4). The 
experiment was carried out to study the regulation and function of pyruvate kinase and malate enzyme in 
this yeast. The culture was grown aerobically with agitation at 26°C. The growth of the yeast was 
determined by measuring the absorbance at 660 nm. Figures 6a and 6b show the growth curves obtained. 
Answer the following questions: 
a) Which carbon sources would you use if the goal were to obtain the maximum quantity of biomass? 
b) Which carbon source used alone produces the best yield of substrate in biomass? 
c) Can you explain the behavior observed when two carbon sources are present? 
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Figure 2: Growth of C. reinhardtii in a medium containing as a source of nitrogen, 2.0 mM 
ammonium (equivalent to 28 mg of N/L) (A); 0.94 mM histidine (28 mg of N/L) (B); NH4
+ 2.0 mM 
(28 mg of N/L) and histidine 0.94 mM (28 mg of N/L) (C) FACULTAD  DE  INGENIERÍA   UNSa           
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Figure 3 
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Figure 4a:  Cell growth of Rhodococcus strain NTU-1 under different saline conditions. Initial n-
hexadecane and pH were 2000 ppmv and 7, incubated at 30 ◦C, 100 rpm.           
                                                     
 
 
Figure 4b: Cell growth of Rhodococcus strain NTU-1 under different saline conditions. Nutrient broth 
(0.24 g/L) was added. Initial n-hexadecane and pH were 2000 ppmv and 7, incubated at 30 ◦C, 100 rpm. 
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Figure 5a: The n-hexadecane biodegraded and trapped by Rhodococcus strain NTU-1 under different 
saline conditions. Initial n-hexadecane and pH were 2000 ppmv and 7, incubated at 30 ◦C, 100 rpm. 
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Figure 5b: The n-hexadecane was biodegraded and trapped by Rhodococcus strain NTU-1 under different 
saline conditions. Nutrient broth (0.24 g/L) was added with initial n-hexadecane and pH were 2000 ppmv 
and 7, incubated at 30 ◦C, 100 rpm. 
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Figure 6a: Growth curves of the Rhodotorula glutinis on glucose, aspartate or glucose plus aspartate at 
the concentrations indicated. At the time indicated by the arrow, the consumption of glucose from the 
media was verified 
 
 
Figure 6b: Growth curves of the Rhodotorula glutinis on glucose, malate or glucose plus malate at the 
concentrations indicated. At the time indicated by the arrow, the consumption of glucose from the media 
was verified 